
1 T. W. T i b b i t t s  

2 Department of H o r t i c u l t u r e ,  Un ive r s i ty  of  Wisconsin,  Madison 53706 

3 

4 

Endogenous Shor t  Per iod Rhythms i n  the  Movements of 
11 

12 
U n i f o l i a t e  Leaves of Phaseolus a n g u l a r i s  Wight. 1 , 2  

13 

14 

15 

16 

3 
De K. Alford and T. W. T i b b i t t s  

Department of H o r t i c u l t u r e ,  U n i v e r s i t y  of Wisconsin,  Madison 53706 

Received May 30, 1970 

17 

18 

19 

20 

Abs t rac t .  Rhythmic r o t a t i o n a l  movements w i th  t h e  midvein as t h e  

axis have been observed i n  the  u n i f o l i a t e  leaves  of  Phaseolus 

a n g u l a r i s  Wight grown under c o n t r o l l e d  environmental  cond i t ions  

21 

'Part o f  Ph.D. thesis of D.K. Alford. T h i s  research was supported in 

part by a National Aeronautics and Space Administration Multidisciplinary 

Research Grant and by Grant NGR 50-002-109. 
- 

'Pub1 ished with permission ' o f  the Director, Research Program Division, 

College of Agricultural and Life Sciences, Madison, Wisconsin. 

3Permanent address: 

Denver, Colorado 80204. 

Dept. of Biology, Metropol itan State Col lege, 

https://ntrs.nasa.gov/search.jsp?R=19700028082 2018-07-25T13:42:18+00:00Z



2 

1 

2 

3 

4 

5 

6 

7 

8 

' 9  

10 

I1 

12 

13 

w i t h  cont inuous 

leaves w a s  53.2 

matured, except 

t r i f o l i a t e  l e a f  

l i g h t .  The mean per iod  of t h i s  movement 

min. f 4.3 min. and remained cons t an t  as 

a f t e r  removal of  t he  a p i c a l  m e r i s t e m  and 

f o r  a l l  

t h e  l e a f  

eme rg ing  

when t h e  per iod increased  about  5 min. The ampli- 

tude  of  t h e  movement also remained cons t an t  as t h e  l e a f  matured. 

These r o t a t i o n a l  movements were pronounced when the  leaf b lade  

was i n  a h o r i z o n t a l  p o s i t i o n  and were n o t  ev iden t  during t h e  down- 

ward o r  "sleep" movements of  t h e  l e a f .  

a f t e r  l e a f  unfo ld ing  and cont inued f o r  at l eas t  6 days. It w a s  

most pronounced a t  the  t i m e  of i n f l e c t i o n  o f  t he  l e a f  l e n g t h  growth 

curve  a f t e r  t h e  loga r i thmic  phase of growth. 

This  movement began 3 days 

The u n i f o l i a t e  leaves  o f  bean p l a n t s  are g e n e r a l l y  i n  c o n s t a n t  motion 

and they  d i s p l a y  d i s t i n c t  p a t t e r n s  as they  move. This  s tudy  desc r ibes  an 

o s c i l l a t o r y  type o f  leaf movement i n  which t h e  lamina r o t a t e s  back and 

f o r t h  about  t he  midvein axis, wi th  t h e  d i r e c t i o n  o f  r o t a t i o n  changing 

every few minutes.  

o t h e r  i n v e s t i g a t o r s  and has no t  been a c c u r a t e l y  cha rac t e r i zed .  Darwin 
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This  type of motion has  been observed only  b r i e f l y  by 

and Darwin (6) noted ro t a t iona lmovemen t s  o f  bean l eaves  bu t  on ly  when t h e  

leaves were downward o r  i n  a "sleep" pos i t i on .  They des igna ted  t h i s  type 

of  motion as "blade ro ta t ion ."  

i n  t h e  u n i f o l i a t e  leaves o f  Phaseolus wi th  per iods  of about 1 h r . ,  bu t  

t h e s e  obse rva t ions  were l i m i t e d  t o  on ly  a few movement cyc le s .  

19 . 
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2 5 t a t i o n a l  movements of l eaves  have been r epor t ed  f r e q u e n t l y  i n  t h e  l i t e r a t u r e  

Tronchet e t  a l +  (14) r epor t ed  b lade  r o t a t i o n  

I n  c o n t r a s t  t o  r o t a t i o n a l  movements, upward, downward and circumnu- 

_c. -. .~ .. . . , . . . ... . . - .. . -. 1 , "i, -I ... . - . ,..._ .. 
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1 The upward and downward movements commonly have a dominate per iod  of  about 

2 27 h r s ,  and less prominent i r r e g u l a r  motions o f  s m a l l  amplitude w i t h  

3 per iods  of about 1 h r .  ( 5 ) .  The 27 h r .  movements have been observed i n  

4 bean leaves  f o r  as long as 4 weeks (9) .  These movements o r i g i n a t e  spon-. 

5 t aneous ly  i n  young seed l ings  grown under c o n t r o l l e d  environmental  condi- 

G Circumnuta- 

7 

8 

9 r e g u l a r  e l l i p s e  as they  move. Darwin and Darwin (6) a l s o  noted movements 

t i o n s  of temperature ,  l i g h t ,  GO2 arid r e l a t i v e  humidity (1). 

t i o n a l  movements have been observed most c o m o n l y  i n  s p e c i a l i z e d  leaves 

c a l l e d  t endr i l s (7 ,11 ,12 ) in  which t h e  t e n d r i l  t i p s  fo l low a more o r  l e s s  

10 of t h i s  type i n  the  t r u e  l eaves  of many p l a n t  spec ie s .  

11 Phaseolus v u l g a r i s  c i rcumnutate  approximately once each h r  (14). 

12 

The l e a f  t i p s  o f  

This i n v e s t i g a t i o n  desc r ibes  i n  d e t a i l  the na tu re  and p a r t i c u l a r l y  

13 the  rhythmic i ty  of b lade  r o t a t i o n  dur ing  the  growth and matura t ion  of  the  

14 u n i f o l i a t e  l eaves  of Phaseolus angu la r i s .  

15 

MATERIALS AND METHODS 16 

17 

18 

19 

. s m a l l ,  ova te  u n i f o l i a t e  leaves and slow growth characteristics. The 20 

21 p l a n t s  were grown under continuous l i g h t  of 600 

22 24.0 + 0-5 C, a relative humidi ty  o f  84 + 4% and s e a l e d  i n  a p l e x i g l a s s  

The l e a f  movements were recorded by t i m e  l a p s e  photography. Phaseolus 

a n g u l a r i s  w a s  cons idered  d e s i r a b l e  f o r  this t ype  of  s tudy  because of i t s  

15 f t - c ,  a temperature  o f  

- - 
23 chamber t o  provide c o n t r o l l e d  cond i t ions  o f  C02,  water a v a i l a b i l i t y  and 

24mine ra l  n u t r i t i o n .  Carbon d ioxide  exhaus t ion  w a s  airoided by meter ing  a 

25cons tan t  f low of  a i r  from a compressed a i r  c y l i n d e r  cont inuous ly  i n t o  the  

. - r _  ~ . .  . . . 
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1 chamber dur ing  t h e  growth of t he  p l an t s .  The p l e x i g l a s s  chamber w a s  main- 

2 t a i n e d  i n  a room of t h e  Bio t ron ,  a c o n t r o l l e d  environment f a c i l i t y  of  t he  Uni- 

3 v e r S i t y  o f  Wisconsin. Ent ry  i n t o  t h e  p l e x i g l a s s  chamber w a s  r equ i r ed  only 

4 at  the s t a r t  of  photographic record ing  f o r  o r i e n t a t i o n  of  s eed l ings  and once 

5 8 days a f t e r  l e a f  unfo ld ing  t o  remove t h e  ap ica l  m e r i s t e m  and t r i f o l i a t e  

6 leaves. The d e t a i l s  involved i n  environmental  c o n t r o l  and c u l t u r a l  practices 

7 were descr ibed  i n  a previous p u b l i c a t i o n  (1). P l a n t  response d a t a  were taken  

8 from leaves of  4 p l a n t s  i n  two experiments and from the  leaves  of 3 p l a n t s  

9 i n  a t h i r d  experiment.  A 16 mm camera provided t ime lapse photographs 

10 of  the  l e a f  p o s i t i o n s  a t  6 min. i n t e r v a l s .  Photographic  record ings  were 

41 s t a r t e d  a t  t h e  t i m e  o f  l e a f  unfo ld ing  and a l l  p l a n t s  were monitored for 

l2 a period of  2 weeks. 

13 Measurements of  b lade  r o t a t i o n  w e r e  ob ta ined  from t i m e  l a p s e  photo- 

l4 graphs o f  each  bean p l a n t  which recorded l a t e ra l  views of  t he  u n i f o l i a t e  

l5 leaves as they  moved. 

l6 o r  lower s u r f a c e  were v i s i b l e  t o  t h e  camera. 

l7 i n  m. between the  apparent  l a te ra l  margtns of  each leaf of  t he  

l8 pro jec t ed  image, i t  was  poss ib l e  t o  o b t a i n  a n  a c c u r a t e  relative determin- 

l9 a t i o n  o f  t h e  r o t a t i o n  a t  any t i m e .  If the  leaf r o t a t e d  so tha t  t h e  upper 

2o s u r f a c e  of  t h e  l e a f  was  exposed, p o s i t i v e  va lues  were recorded;  i f  t h e  

21 l e a f  r o t a t e d  i n  t h e  oppos i t e  d i r e c t i o n  exposing t h e  lower s u r f a c e ,  nega t ive  

A s  t h e  leaves r o t a t e d ,  va ry ing  po r t ions  of t h e  upper 

By measuring t h e  d i s t a n c e  

va lues  w e r e  recorded. It should be noted tha t  t h e s e  b lade  r o t a t i o n  22 

23 measurements are re la t ive and w i l l  i nc rease  w i t h  a g iven  i n t e n s i t y  of  

24 
. r o t a t i o n  as t h e  b lade  expands i n  width.  Movement d a t a  a l s o  were obta ined  f o r  

upward and downward c i r c a d i a n  movements o f  t h e  same leaves s o  t h a t  compari- 

sons between t h e  2 types  of  movement could be made. 

25 
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RESULTS AND DISCUSSION 1 

2 

3 

4 w a s  observed i n  t h e  primary leaves of  Phaseolus a n g u l a r i s  Wight. 

. A  rhythmic r o t a t i o n a l  type of movement w i t h  t h e  midvein as t h e  axis 

The term 

"blade ro t a t ion" ,  as previous ly  des igna ted  by Darwin and Darwin w i l l  be 

used ( 6 ) .  The rhythmic na tu re  of  b lade  r o t a t i o n  can  be seen  i n  F ig .  1. 

7 Blade r o t a t i o n  was  p e r s i s t e n t  and s e l f - s u s t a i n i n g  under uniform environmental  

8 cond i t ions  and thus f i t s  t he  d e f i n i t i o n  of  a t r u e  b i o l o g i c a l  rhythm (L3), 

9 I n  c o n t r a s t  t o  t h e  observa t ions  of Darwin and Darwin (6), blade 

10 r o t a t i o n  occured only  when the  leaves were i n  an  upward p o s i t i o n  and tended t o  

11 fade o u t  when the leaves were downward o r  i n  a "sleep" p o s i t i o n  ( f i g .  1). 

12As a r e s u l t ,  when b lade  r o t a t i o n  data w a s  p l o t t e d  ve r sus  t i m e ,  i t  was  

13 apparent  tha t  per iods of  rhythmic a c t i v i t y  were sepa ra t ed  by per iods of  

14 i n a c t i v i t y .  Because o f  t h e s e  i n t e r r u p t i o n s  i n  a c t i v i t y ,  on ly  d a i l y  per iods 

i s h a v i n g  4 o r  more rhythmic c y c l e s  were included i n  the de termina t ion  of  the 

16average per iod and amplitude o f  b lade  r o t a t i o n .  Whenever t h e  l e a f  

17blade  e x h i b i t e d  no measurable r o t a t i o n  f o r  12 o r  more minutes i t  was 

18considered t o  be i n a c t i v e .  An average of  10 and a maximum of  1 9  cyc le s  per  

1 9 d a i l y  per iod  o f  a c t i v i t y  were observed. The average per iod of  blade r o t a -  

2 0 t i o n  w a s  c a l c u l a t e d  f o r  each of  t hese  success ive  d a i l y  per iods of  rhythmic 

21 a c t i v i t y .  

22 

23sen t ing  a t o t a l  o f  587 c y c l e s ,  was 53.2 min. 

2 4 v a r i a t i o n  between p l a n t s  o r  experiments.  

25 ind iv idua l  p l a n t s  v a t i e d  no more than  f 4.3 min. from t h e  53.2 min. mean 

The o v e r a l l  mean per iod o f  blade r o t a t i o n  f o r  t h e  11 p l a n t s ,  repre-  

There was no s i g n i f i c a n t  

The mean per iod  o f  movement f o r  
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1 f o r  a l l  p l a n t s  (Table I).  Analysis  of va r i ance  ind ica t ed  t h a t  dur ing  the  

2 e a r l y  s t a g e s  of p l an t  growth, t he  period of blade r o t a t i o n  d i d  no t  change 

3 s i g n i f i c a n t l y .  However, t h e r e  w a s  a 4.7 min. i nc rease  i n  period immediately 

4 fol lowing removal of  the  a p i c a l  m e r i s t e m s  and t r i f o l i a t e  leaves (Table 11). 

5 Blade r o t a t i o n  a c t i v i t y  was not  observed u n t i l  3 days a f t e r  l e a f  unfo ld ing ,  

G when a c t i v i t y  began a n d ' p e r s i s t e d  f o r  a t  l e a s t  6 days.  The movement decreased 

7 cons iderably  and even tua l ly  disappeared as t h e  p l an t  aged. This  i s  ev iden t  

8 i n  Fig.  2 ,  i n  which the  average r e l a t i v e  rhythmic a c t i v i t y  of 11 p l a n t s  i s  

9 p l o t t e d  t o g e t h e r  w i th  d a t a  on e longa t ion  of leaves. 

10 w a s  obtained by d iv id ing  t h e  number of rhythmic cyc le s  f o r  each d a i l y  per iod 

Re la t ive  rhythmic a c t i v i t y  

11 by the number of  rhythmic cyc le s  i n  the  most a c t i v e  d a i l y  period f o r  each p l a n t .  

12 Rhythmic a c t i v i t y  w a s  g e n e r a l l y  observed f o r  a t  l eas t  6 days and f o r  as long 

13 as 9 days i n  some p l a n t s ,  This  i s  i n  c o n t r a s t  t o  c i r c a d i a n  rhythm a c t i v i t y  

14 which began immediately as the  leaves  unfolded and w a s  observed f o r  as long 

15 as 28 days ( 9 ) .  

16 

l7 and blade r o t a t i o n  a c t i v i t y .  Rhythmic a c t i v i t y  w a s  most i n t ense  dur ing  the  

l8 i n f l e c t i o n  i n  growth ra te  of  leaves j u s t  fol lowing t h e  logar i thmic  phase of  

l9 growth ( f i g .  2 ) .  

2o l e a f  a t t a i n e d  i t s  maximum s i z e .  

21 u n f o l i a t e  l eaves ,  r a p i d  growth and expansion w e r e  occur r ing  i n  t h e  young 

22 t r i f o l i a t e  l eaves .  

23 

24 from the  c o l l e c t e d  d a t a .  

25 .by d iv id ing  the  measured mm of blade r o t a t i o n  by l e a f  width.  

There appeared t o  be a c l o s e  r e l a t i o n s h i p  between s t a g e s  of l e a f  development 

A c t i v i t y  decreased and the movement became non-rhythmic as t h e  

A s  the rhythmic a c t i v i t y  decreased i n  the  

A reasonably p rec i se  c a l c u l a t i o n  of degrees  of  r o t a t i o n  was determined 

The degrees  of  r o t a t i o n  were obta ined  as a s i n e  va lue  

Leaf width could 

f '  
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not  be measured d i r e c t l y  bu t  w a s  determined from a p l o t t e d  curve of l e a f  

length  (measured on the  photographs) ve r sus  l e a f  wid th  developed f o r  t h i s  

c u l t i v a r .  It was determined t h a t  dev ia t ions  from the  h o r i z o n t a l  p o s i t i o n  

averaged 20 f o r  each rhythmic cyc le  w i t h  many as g r e a t  as 40 . The average 

amplitude of blade r o t a t i o n  d id  n o t  change from day t o  day. During l a t e r  

s t a g e s  of development, the  movement cont inued wi th  t h e  same amplitude bu t  

became non-rhythmic. 

0 0 

It w a s  observed t h a t  blade r o t a t i o n  movements f o r  t he  2 leaves on the  

same p l a n t  were c l o s e l y  synchronized and i n  phase ( f i g .  3 ) .  This  i s  i n  

c o n t r a s t  t o  c i r c a d i a n  movements f o r  l eaves  on the  same p l a n t ,  which can be 

s e v e r a l  hours  ou t  of phase ( 9 ) .  The synchroniza t ion  of  blade r o t a t i o n  i s  

noteworthy s i n c e  Bai l laud  ( 3 )  s t a t e d  t h a t  c l o s e l y  synchronized s h o r t  per iod 

movements of leaves on the  same p l a n t s  have no t  been observed. On the  o t h e r  

hand, t h e  r e s u l t s  of  t h i s  s tudy  demonstrate t h a t  t he  r o t a t i o n a l  movements of  

l eaves  of s e p a r a t e  p l a n t s  were n o t  synchronized ( f i g .  l), i n d i c a t i n g  t h a t  t h i s  

s h o r t  per iod rhythm w a s  no t  e n t r a i n e d  t o  some concurren t  environmental  f l u c t u a t i o n .  

It was  determined, by watching t h e  o r i e n t a t i o n  of  marks made on the  upper- 

s i d e  of  the  p e t i o l e ,  t h a t  most of  t he  b lade  r o t a t i o n  motions can be a t t r i b u t e d  

t o  a c t i v i t y  i n  the  secondary pulvinus and t o  a lesser e x t e n t  i n  the primary 

pulvinus.  I n  some t i m e  l apse  records  p l an t s  have been o r i e n t a t e d  so  t h a t  t he  

t i p  of t he  leaf was pointed toward the  camera. It w a s  ev iden t  t h a t  dur ing  blade 

r o t a t i o n  t h e  l e a f  blade moved l a t e r a l l y  back and f o r t h  so  t h a t  t he  l e a f  t i p s  

formed arcs o r  hemispheres as they  moved. However, t h e  l e a f  t i p s  d id  not  circum- 

s c r i b e  e l l i p t i c a l  o r  ovoid motions t y p i c a l  of  c i rcumnutat ion.  
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8 .  

It would be i n t e r e s t i n g  t o  specu la t e  on the  na tu re  of  t he  c o n t r o l l i n g  

mechanisms of  blade r o t a t i o n .  It is  suggested t h a t  because of t he  r a p i d i t y  

of  blade r o t a t i o n ,  t h e  movements of t he  pulvinus must be a s soc ia t ed  wi th  

changes i n  t u r g o r  on i t s  oppos i te  s ides .  Since auxin has been impl ica ted  i n  

t h e  tu rgor  movements o f  p u l v i n i ,  i t  may be t h a t  a rhythmic f l u c t u a t i o n  i n  auxin 

concen t r a t ion  on oppos i te  s i d e s  of  t he  midvein i s  the  c o n t r o l l i n g  f a c t o r  i n  

blade r o t a t i o n .  

S tomata l  ape r tu re s  may r e g u l a t e  water l e v e l s  w i t h i n  the  pulvinus and 

thus  e x e r t  some c o n t r o l  on blade r o t a t i o n .  Stomatal  rhythms have r e c e n t l y  

been observed i n  Phaseolus w i t h  per iods o f  between 40 and 50 min (8), 

which c l o s e l y  approximate t h e  t iming of blade r o t a t i o n .  It is poss ib l e  t h a t  

t h e  2 rhythms a re  c l o s e l y  synchronized and perhaps stomatal. rhythms s t rong ly  

modify o r  c o n t r o l  t hese  rhythmic l e a f  movements. 

ACKNOWLEDGMENTS 

We express  our  g r a t i t u d e  t o  t h e  s t a f f  o f  the  Bio t ron  f o r  t h e i r  

va luable  a s s i s t a n c e  i n  t h i s  s tudy .  

25 . 



9 

LITERATURE CITED 

1 

2 
1. ALFORD, D. K. AND T. W. TIBBITTS, 1969. Ci rcadian  rhythm o f  leaves 

and humidity of Phaseolus a n g u l a r i s  p l an t s  grown i n  a c o n t r o l l e d  CO 

environment. P l a n t  Physiol .  I n  press .  

3 2 

4 

5 

G 

7 

8 

9 

10 

2. BAILLAUD, L, 1962. Mouvements autonomes des  t i g e s ,  v r i l l e s  e t  autres 

organes d l ' e x c e p t i o n  des  organes v o l u b i l e s  e t  des f e u i l l e s .  

Handbuch d e r  Pf lanzenphysiologie  X V I I  /2. W. Ruhland, ed. Springer-  

Verlag,  Be r l in .  562-634. 

In :  

3.  BAILLAUD, L. 1965. Remarks on t h e  synchronisa t ion  o f  e lementary 

rhythms, cons idered  as a gene ra l  problem of chronobiology. In:  

C i rcad ian  Clocks. Proceedings o f  the  Fe lda f ing  Summer School,  Sept .  

1964. J. Aschoff,  ed. North Holland, Amsterdam. 

11 

12 

13 

14 

15 

16 

17 6 .  DARWIN, C. 1901. The Movements and Hab i t s  of Climbing P l a n t s .  D. 

4. BRAUNER, L. 1954. Tropisms and n a s t i c  movements. Ann. Rev. P l a n t  

Phys io l .  5: 163-182. 

5. B m I N G ,  E. 1967. The Phys io log ica l  Clock. Springer-Verlag,  New 

York. 

18 Appleton and Co., New York. 

. 1 9  7 .  DARWIN, C. AND F. DARWIN. 1881. The Power of Movement i n  P lan t s .  

20 D. Appleton and Go. New York. 

21 8. HOPMANS, P. A. M. 1969. Types of stomatal cyc l ing  and t h e i r  water 

22 r e l a t i o n s  i n  bean leaves.  2. Pflanzenphysiol .  60: 242-254. 

23 9.  HOSHIZAKI, T. AND K. C. HAMNER. 1964. C i rcad ian  l e a f  movements: 

24 p e r s i s t e n c e  i n  bean p l a n t s  grown i n  cont inuous h igh  i n t e n s i t y  l i g h t .  

25 Science  144: 1240-1241. 



10 

1 

. 2  

3 

4 

5 

G 

7 

8 

9 

10 

I1 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

10. HOSHIZAKI, T. AND K. C. HAMNER. 1969. Computer a n a l y s i s  of  t he  l e a f  

movements of  p in to  beans.  P l an t  Phys io l .  44: 1045-1050. 

11. JAFFE, M. J. AND A. W. GALSTON. 1968. The physiology of  t e n d r i l s .  

Am. Rev. P l a n t  Physiology. 19: 417-434. 

1 2 .  PFEFFER, W. 1905. The Physiology of P l a n t s .  A. J. E w a r t ,  ed.  

Clarendon P res s  , 'Oxford , England. 

13 .  SWEENY, B. M. 1969. Rhythmic Phenomena i n  P l a n t s .  Academic P res s ,  

New York. 

14. TRONCHET, A., J. TRONCKET AND M. DUPARCHY. 1960. Sur  l e s  mouvements 

/ 
spontanes des  premigres f e u i l l e s  <picotyl/ees de p l an tu l e s  d e  Phaseolus . 
e n  cond i t ions  uniforrnes de lumigre e t  de tempgrature.  

Acad. S c i .  250: 389-391. 

Compt. Rend. 

25 



11 

1 

2 '  

3 

4 

5 

G 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

Fig.  1. 

Fig.  2. 

Fig.  3.  

Movements of  primary leaves  f o r  2 s e p a r a t e  Phaseolus angu la r i s  

p l an t s  grown simultaneously.  (a)  blade r o t a t i o n  i n  m i l l i m e t e r s  

as recorded by measuring t h e  d i s t a n c e  between the l a t e r a l  margins 

of  t h e  l e a f  as i t  appeared on t h e  pro jec ted  image (b) upward 

and downward movement i n  angular  degrees ,  

(a) Mean l eng th  of u n i f o l i a t e  leaves  of  Phaseolus angu la r i s  

p l an t s  f o r  12  days a f t e r  l e a f  un fo ld ing  (b) rhythmic a c t i v i t y  of  

blade r o t a t i o n  f o r  1 2  days a f t e r  leaf unfolding.  Rhythmic a c t i v -  

i t y  was obtained by d i v i d i n g  the  number of  rhythmic cyc le s  f o r  

each d a i l y  per iod by the  number of rhythmic cyc les  i n  the  most 

a c t i v e  d a i l y  period. 

Synchrony i n  blade r o t a t i o n  of t h e  2 u n i f o l i a t e  leaves  on a bean 

p lan t .  
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Table I. Mean Period f o r  Blade Rota t ion  (min) of 

Leaves of Phaseolus angular i s  P l an t s  Grown 

i n  3 Separate  Experiments 

Experiment 

P lan t  4 B C 

1 

2 

3 

4 

- .  

54.0 

57.5 

52.7 

51.4 

53.1 

50.7 

52.5 

49.5 

. .. 

54.8 

55.1 

54.0 

-- 

F Values 

P l a n t s  1,46 ns 

Experiments 2.20 ns 
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Table 11. Mean Period of Blade Ro ta t ion  (min) f o r  

Successive Dai ly  Per iods of Rhythmic A c t i v i t y  

Per iod of Blade Ro ta t ion  (Min) 

53.8 (4 

@ 58.5 (b) 

Figures  followed by t h e  same le t te r  a r e  n o t  s i g n i f i c a n t l y  d i f f e r e n t  

a t  the  .01 l e v e l ,  (Duncan's M u l t i p l e  Range Tes t )  

' i n d i c a t e s  t i m e  o f  removal o f  a p i c a l  m e r i s t e m  and t r i f o l i a t e  leaves.  __q 
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DAYS AFTER LEAF UNFOLDING 
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